INTRODUCTION
In this work we study a "sticky particle model", namely we investigate the long time behaviour of the tracer particle (the t.p.), which is subject to a positive constant force F, and which interacts with the field-neutral random media made of initially standing particles of two possible types. Each neutral particle, with probability 0 p ~ 1 and independently of all other particles, is declared to be perfectly inelastic (further referred as an s-type particle). After the first interaction with the t.p. an s-type particle is "incorporated" into (sticks to) the t.p. according to the usual Newtonian mechanics laws. With probability 1 -p each particle is declared to be perfectly elastic (further referred to as an e-type particle). It interacts elastically with the t.p. during the evolution. "Sticky particle models" as a subject of research have quite a long history and are related mostly to problems of gelation and to formation of large scale structures in the universe. Nevertheless, in spite of a big amount of physics literature (see [17] for a recent survey), starting from the paper 789 L.R.G. FONTES ET AL. / Ann. Inst. Henri Poincare 36 (2000) [787] [788] [789] [790] [791] [792] [793] [794] [795] [796] [797] [798] [799] [800] [801] [802] [803] [804] [805] of Zeldovich ( [ 18] ), mathematical understanding of this subject remains rather unsatisfactory. Most of the effort has been concentrated on the study of the qualitative behaviour of the solutions of the corresponding hydrodynamic equations, small density fluctuations and their influence on the formation of shocks and mass concentration (see [5] ). On the "particle level", one-dimensional models with mass aggregation and selfgravitational force for finite systems of particles have been studied in [1, 8, 9] . Ergodic properties of one-dimensional semi-infinite systems of similar type but with only elastic interactions (p = 0) were studied intensively in the middle of the last decade (see for instance [2, 3, 11 ] ), and more recently ( [10, 13] ), where the limiting behaviour of the t.p. was determined either by a relation between the pressure of neutral particles and the force, or by the distribution of the initial positions of standing particles. In our situation, the motion of the t.p. can be interpreted as the motion of a single, mass-aggregating point through a "dust" of light point particles. The interaction with this dust of elastic and inelastic particles creates a net force opposite to the direction of the flow which therefore competes with the external force F. We prove here that for any value of the field F, and any 0 p ~ 1 the velocity of the t.p. converges to a limiting value, which we compute exactly as a function of F, p and the initial density of particles.
The article is organized as follows. In Section 2 we give a precise description of the model, establishing some necessary notation as we move along, and state our main results. Section 3 is dedicated to the study of an auxiliary Markovian process, sometimes also called "Markov approximation dynamics" associated with the original one, and we show that for this process, the velocity of the t.p. converges to a limiting value. In Section 4 we go back to the original problem and show that its dynamics converges to the Markov approximation dynamics (in a suitable sense) as times goes to infinity.
THE MODEL AND MAIN RESULTS
We consider a semi-infinite system of particles of two types (0 and 1 ) on the half line R+ == [0, +oo), with nonnegative velocities. The state of the system at a given time is specified by a choice of a type, a position and a velocity for each particle and we take X = (R+ x R+ x {0,1})~ as the phase space of the system. X, endowed with the natural topology, is a Polish space (see [7] where qn, vn , and 1]n will denote the position, velocity and the type of the n th particle. The particle that corresponds to the label 0 (0-th particle) will be called the tracer particle (t.p.). The particles are all assumed to be pointlike, and initially have the same mass m = 1. The tracer particle is subjected to a constant force F. All other particles are "force neutral", and do not interact among themselves. Particles of type-1 are perfectly inelastic with respect to collisions with the tracer particle. By this we mean that after the collision the energy of the two particle system (t.p. plus the particle type 1 ) is the smallest possible subjected to classical mechanics collision laws which correspond to the type-1 particle being incorporated into the t.p., making the mass of the t.p. increase by 1 (2.2) ). Thus the total momentum transfer per unit time is ( pv + ( 1 - As time goes to infinity, equilibrium should be reached with an identity between the latter expression and F. This identity yields (2.3) . As is often the case for this sort of problem, even though the ideas are simple, the corresponding rigorous analysis is nontrivial, and one has to deal with several technical difficulties. The central one is to provide a good control on the "influence of the past", i.e., one has to show that, on large time scales, recollisions with the moving e-particles do not affect the motion of the t.p. much. We choose the following strategy: first consider an auxiliary dynamics (called the Adynamics), in which all e-particles are annihilated immediately after the first collision with the t.p. By doing so we get rid of possible recollisions of the t.p. with e-particles and thus the "influence of the past" may arise only through the t.p.'s present velocity, which is manageable enough so that we are able to prove time convergence for the A-dynamics. The next and final step is to show that the original dynamics converges in time to the auxiliary A-dynamics. At this point it is more convenient to use a "pathwise" approach, i.e., we will show that for any x E X for which the original dynamics is well defined and the velocity of the t.p. in the A-dynamics converges, the velocity of the t.p. in the original dynamics also converges to the same limit.
Before ending this section we briefly stop on the question of the existence of the above described dynamics. The following three situations (see [15] We denote by XA the set of all initial configurations for which (3.2) holds.
PROOF OF THEOREM 2.1
Before going into details we describe the strategy of the proof. As mentioned in Section 2, we will prove that the velocity process in the original dynamics converges to the one of the associated A-dynamics. Speaking informally we will show that after some time the original dynamics behaves in some sense as an "A-dynamics with a small perturbation", with this perturbation getting negligible as time evolves. The first thing we show is that, from some point of the evolution on, all standing e-particles collide only once with the t.p. The The statement is obviously true for K = 0 and K = 1. Let us assume it is true for K # n and we will prove it for K = n + 1. Let us denote by zn zn+ z the points where the n-th and (n + 1)-th collision of the t.p. took place. By the induction assumption, if z zn+i , then From this it follows at once that and, independently of the fact that at the point zn+ we have a recollision or a collision with a standing particle, inequality (4.5) implies that as well. Now, by assumption, in between (x) and z, in both dynamics, the t.p. moves without interaction, and with constant acceleration F. Thus we get (4.4). 0 The next proposition provides a lower bound for the mean velocity of the tracer particle. where we assume that the particles initially located at positions qir , r = 1, ... , n -Mn-i 1 are e-particles, and vir (tg) represents the velocity of ir-th e-particle at time tqn, and Mn-1 = 1 + ~n-1 1]i is the mass of the t.p. upon collision with the n-th initially standing particle. If [6, 14, 19] ). Nevertheless we present below an argument which shows that even taking into account the possibility of infinitely many recollisions of the t.p. with finitely many e-particles, we can get convergence of the original velocity process to ~.
